We investigated the association between cholecystectomy or appendectomy and the subsequent risk of colorectal cancer (CRC) in the Korean population.
INTRODUCTION
Colorectal cancer (CRC) is the third-leading cancer in the world and the third-most common cancer in both incidence and prevalence in Korea [1] [2] [3] . The age-standardized incidence rate (ASR) of CRC was 30.4 per 100 000 in 2015; it rose by 6.0% annually from 1999 to 2010, and has been decreasing by 4.9% annually since 2010 [3] .
Several well-established risk factors are related to CRC [1] . For instance, age is closely associated with the risk of CRC, and diabetes mellitus (DM) and inflammatory bowel disease (IBD) are also known to increase the risk of CRC [1, 4, 5] . Environmental factors, including smoking, alcohol, and obesity, are associated with an increased risk of CRC [1] .
Cholecystectomy and appendectomy are 2 of the most commonly performed surgical procedures in Korea [6] , and are similar in terms of being performed under general anesthesia and involving the removal of an inflamed organ within the digestive tract. The association between these procedures and CRC has been of interest due to multiple potential biological mechanisms. Bile acid, which is synthesized in the liver and stored in the gallbladder, is known to be carcinogenic for CRC [7] [8] [9] . As a result of cholecystectomy, the exposure time of the intestinal mucosa to bile acid secretions increases, and cholecystectomy enhances negative feedback on bile acid synthesis in the liver [10] , which could possibly alter the risk of CRC development. The appendix is thought to have an immune function in the bowel [11] . Because inflammation is considered to be a mechanism through which CRC develops, the risk of CRC may be changed after appendectomy.
Several studies have investigated the association between cholecystectomy and the risk of CRC [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Some of these studies have reported a modestly increased risk of CRC after cholecystectomy [12] [13] [14] [15] [16] , but others reported no such association [17] [18] [19] [20] [21] , and only 1 study reported a decreased risk [22] . The association between appendectomy and the risk of CRC has been studied, and an increased incidence of CRC after appendectomy was found [23] [24] [25] [26] [27] . Only 1 study reported no association between appendectomy and CRC [27] . These inconsistent results might be due to differences in dealing with bias. Protopathic bias, also called reverse causation, is a bias in which the exposure occurs as the result of the early manifestation of the targeted disease. To avoid this bias, an appropriate lag time is needed after exposure [28, 29] . However, the lag times in previous studies varied, ranging from 0 to 6 years, and no obvious criteria were used to select the lag time. In this study, we investigated the association between cholecystectomy or appendectomy and the risk of subsequent CRC, considering this source of bias by applying an appropriate lag time in the analysis.
METHODS

Data Source and Study Population
Korea has a single medical insurance claim system that covers over 97% of the Korean population. This system provided a sample cohort, the National Health Insurance Service-National Sample Cohort (NHIS-NSC), for the purpose of research. It comprises approximately 1 million individuals, accounting for roughly 2% of randomly selected health insurance subscribers and Medical Aid recipients in the Korean population, and contains information on demographic factors, medical resource utilization, and regular medical check-up data from 2002 to 2015. The details of the cohort have been presented elsewhere [30] .
We designed a retrospective cohort study using the NHIS-NSC, which comprises a total of 1 108 369 subjects from 2002 and 2015. To exclude subjects with a history of CRC, subjects who had any diagnostic code for CRC (C18-C20) from the 10th International Classification of Diseases (ICD-10) before January 2004 were excluded (n=2082). In addition, subjects under 20 years of age at study entry were excluded (n=298 624). Finally, a total of 707 663 subjects remained for analysis. During the study period, 11 362 subjects underwent cholecystectomy, and 16 094 subjects underwent appendectomy. The study population was followed until the end of the follow-up period or until the development of CRC, whichever came first.
The study was exempted from review by the institutional review board of Seoul National University Hospital (H-1508-031-694).
Identification of Colorectal Cancer
We identified CRC cases using ICD-10 codes. Subjects who simultaneously had a diagnostic code of CRC (C18-20) and the claim code for its treatment were identified as CRC cases. The treatments of CRC include surgery, chemotherapy, and radiation therapy, and are listed in Table S1 . The incidence rate obtained using our definition was lower than that of the national cancer registry data, but the trends were similar ( Figure S1 ). CRC cases were categorized into colon cancer (C18) and rectal cancer (C19-20), based on the ICD-10 code.
Identification of Cholecystectomy and Appendectomy
Cholecystectomy and appendectomy were identified by the insurance claim codes for these surgical procedures. Cholecystectomy covered cholecystectomy (Q7380) and radical cholecystectomy of gallbladder cancer (Q7410). Appendectomy covered appendectomy-simple (Q2861), appendectomy-perforated (Q2862), and removal of appendiceal abscess with periappendiceal abscess drainage (Q2863). The first date of the claim was defined as the surgery index date. Procedures performed after or simultaneously with the diagnosis of CRC were excluded from the study.
Covariates
We also extracted the following factors known to be associated with CRC: DM, IBD, smoking status, alcohol consumption, and high body mass index (BMI) [1, 4, 31] . Individuals who had DM were identified using the corresponding ICD-10 codes (E10-14) with a simultaneous prescription of hypoglycemic agents within the first 2 years after study entry. Individuals who had 2 claims per year of IBD based on the corresponding ICD-10 codes (K50, K51) in the first 2 years were defined as IBD patients. Lifestyle factors, such as smoking status, alcohol consumption, and BMI, were obtained from medical check-up data. These factors were identified based on the data available in the first 2 years of the study, and participants were classified by BMI into 2 groups (<25 kg/m 2 or not), based on the World Health Organization classification of overweight. However, medical check-up data were missing for over 70% of the subjects. Because reliable results cannot be obtained with more than half of the data missing, we considered these lifestyle factors not in the main analysis, but in the sensitivity analysis, in which the subjects were restricted to those who had available medical check-up data.
Statistical Analysis
The chi-square test and t-test were used to compare the baseline characteristics between patients who had ever undergone cholecystectomy during the study period and those who had not; the same procedures were also completed for appendectomy patients. We defined the status of cholecystectomy and appendectomy as a time-varying covariant, so that each individual was followed up as a non-exposure of cholecystectomy or appendectomy until the date of surgery.
We calculated the ASRs of CRC separately for the total study population, cholecystectomy patients, and appendectomy patients. ASRs were calculated using the mid-year Korean population in 2010 as the standard population and considering lag periods. The standardized incidence ratio was compared to the incidence in the study population, and 95% confidence intervals (CIs) were calculated by the Poisson distribution.
The risk estimation for CRC was conducted separately for cholecystectomy and appendectomy. A time-dependent Cox proportional hazard regression model was used to calculate the hazard ratios (HRs) of cholecystectomy or appendectomy for the risk of CRC after adjusting for sex, DM, and IBD, and age was chosen as the time scale [32] . Initially, we evaluated the risk of CRC stratified by the follow-up time after cholecystectomy or appendectomy. Then, we applied an appropriate lag period after cholecystectomy or appendectomy in the Cox model and evaluated the risk of CRC after surgery. We also calculated the risk of CRC stratified by anatomical site based on the ICD-10 codes of colon cancer (C18) and recto-sigmoid cancer (C19-20). The proportional hazard assumption was checked by Schoenfeld residual plots. All statistical analyses were performed with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Sensitivity Analysis
Only 181 933 subjects had medical check-ups in the first 2 years of the study. We performed a sensitivity analysis with these subjects to consider lifestyle factors. The baseline characteristics were compared in the same way as in the main analysis. In this analysis, HRs were computed using a time-dependent Cox proportional hazard regression model adjusted for sex, DM, IBD, smoking status, alcohol consumption, and BMI. The CRC risk stratified by anatomical site was also computed in this analysis.
RESULTS
A total of 707 633 subjects were included in the final analysis, with an average of 13.66 years of follow-up time, and 4324 subjects developed CRC during the study period. A comparison of the baseline characteristics between patients who underwent cholecystectomy or appendectomy and those who did not is shown in Table 1 . Subjects who underwent cholecystectomy tended to be older and were more likely to have DM than those who did not. Those who underwent appendectomy tended to be younger and were more likely to be free of DM than those who did not.
The truncated ASR of CRC in the study population was 40.93 per 100 000 person-years for adults aged 20 years and older (Table S2 ). The ASRs after cholecystectomy or appendectomy were 43.52 and 57.88 per 100 000 person-years, respectively. The standardized incidence ratio of CRC after cholecystectomy was 0.97 (95% CI, 0.72 to 1.29) compared to the total study population, and this was non-significant, even when lag periods were applied. The standardized incidence ratio of CRC after appendectomy was 1.43 (95% CI, 1.11 to 1.81) which was only significant with no lag period applied.
Stratified by the follow-up time since cholecystectomy, the risk of CRC was significantly elevated in the first year (HR, 1.71; 95% CI, 1.01 to 2.89) ( Table 2 ). However, it showed no association after 1 year post-cholecystectomy. The risk levels of colon cancer and rectal cancer were also elevated in the first year after cholecystectomy, although not to a statistically significant extent. Since the risk elevation in the first year after cholecystectomy may have been affected by bias, the HR when 1 year of lag was applied was 0.79 (95% CI, 0.56 to 1.10) ( Table 3 ). In the appendectomy cohort, the risk of CRC was elevated in the first year (HR, 4.22; 95% CI, 2.87 to 6.20) and from 2 to 3 years (HR, 2.34; 95% CI, 1.36 to 4.03) after surgery, and this risk elevation was prominent for colon cancer ( Table 2 ). The risk from 1 to 2 years after appendectomy was elevated, but not significantly so (HR, 1.19; 95% CI, 0.57 to 2.50). Since this risk elevation may have been affected by bias, a lag period of 3 years was applied, and no association between appendectomy and CRC risk was found (HR, 0.75; 95% CI, 0.50 to 1.13), even though the risk elevation was significant when no lag periods were applied (Table 3) . Stratified by anatomical site, this tendency was more prominent for colon cancer than for rectal cancer Age at study entry.
( Table 4 ). The risk could not be calculated in those who had both appendectomy and cholecystectomy because no CRC cases were identified in this sub-population after applying a lag period. The number of participants who underwent both cholecystectomy and appendectomy in the study period was 425. Among them, only 2 cases of CRC developed within 1 year of cholecystectomy or 3 years of appendectomy. For this reason, a risk estimation among patients who underwent both cholecystectomy and appendectomy could not be calculated.
Because there was no pattern with time, we could confirm that the risk models fit the proportional hazard assumption for both cholecystectomy and appendectomy. The characteristics of subjects who did and did not have available medical check-up data in the first 2 years are shown in Table S3 . Subjects who had medical check-up data were older and were more likely to be male than those who did not. Additionally, they were more likely to have DM and IBD than those who did not have medical check-up data. A comparison of baseline characteristics among subjects with medical check-up data is shown in Table S4 . The cholecystectomy patients were younger than those who were not, and the appendectomy patients were older than those who were not. For lifestyle factors, the patients who underwent cholecystectomy tended to be non-smokers, never-drinkers, and to have a higher BMI, while the patients who underwent appendectomy tended to be non-smokers and current drinkers.
When the sample was restricted to subjects who had available medical check-up data, the results were similar to those of the main analysis (Table S5 ). The risk of CRC was elevated in the first year of cholecystectomy and appendectomy, and this elevation was prominent for colon cancer. No significant results were found when lag periods were applied in the sensitivity analysis (Table S6) .
DISCUSSION
In this population-based cohort study, the risk of CRC was only elevated in the first year after cholecystectomy and the first 3 years after appendectomy. These results suggest the possibility of protopathic bias. When this bias was considered, associations between cholecystectomy or appendectomy and the risk of CRC were not shown. In the sensitivity analysis considering additional confounding factors, the risk was significantly elevated in the first year after cholecystectomy and appendectomy, as in the main analysis. However, the lag-applied analysis did not show any significant results, which might have been due to the small number of CRC cases. Previous studies regarding the association between cholecystectomy and CRC have shown inconsistent results. Some previous studies have indicated a positive association between cholecystectomy and the risk of CRC, including 2 meta-analyses [15, 16] . One meta-analysis covering 5 cohort studies and 33 case-control studies reported a relative risk (RR) of 1.22 (95% CI, 1.08 to 1.38), but the pooled RR in cohort studies was 0.97 (95% CI, 0.82 to 1.14). The results of the other meta-analysis covering 9 cohort studies showed a modestly increased risk (RR, 1.22; 95% CI, 1.08 to 1.38), and the result was only significant for colon cancer (RR, 1.30; 95% CI, 1.07 to 1.58). Although a positive association was shown in other studies, it was significant only in short-term follow-up periods, as in our study [12, 14] . No association was shown in other studies [17, 18, 20, 21] , and another study conducted in US using the surveillance, epidemiology, and end results program Medicare data [22] showed a non-significant negative association between cholecystectomy and the risk of CRC (odds ratio, 0.97; 95% CI, 0.92 to 1.02), which is similar to our results. The finding of an elevated risk in the first year after cholecystectomy can be explained by the similar clinical presentation of gallbladder disease and CRC. Furthermore, the misdiagnosis of early signs of CRC as gallbladder disease has been reported [33] [34] [35] . In our study, appendectomy increased the risk of CRC, especially in the first year, and this risk elevation was prominent for colon cancer. Although the risk elevation was not statistically significant in the second year of appendectomy, the risk seemed to be increased until 3 years after appendectomy. An elevated risk of CRC was not associated with appendectomy after 3 years. In addition, this risk elevation was significant only for colon cancer. This result might imply that appendicitis, the reason for appendectomy, could be an early sign of CRC, which has also been shown in other studies. The studies conducted by Wu and Colleagues [25, 26] reported that the risk tended to be elevated in shorter follow-up periods.
Our study had several strengths. First, this study used nationally representative data sources, and the sample comprised approximately 700 000 individuals over 20 years old. Second, we dealt with time-dependent bias by conducting time-varying statistical analyses [36] . Third, the analysis focusing on the follow-up period provided evidence that protopathic bias was involved in the association. Thus, we found that considering a lag period is necessary when investigating associations between cholecystectomy or appendectomy and CRC.
However, our study also had limitations. Because we used claims data, the identification of CRC might not have been completely precise. However, a comparison of the incidence of CRC between our definition and that of the national cancer registry data showed a similar, but underestimated, trend. This underestimation could have led to undifferentiated misclassification bias. Although we analyzed over 700 000 subjects, there were not enough newly developed CRC cases among cholecystectomy and appendectomy patients, because CRC is a rare disease, and there were not enough surgery cases, which could have been why our results did not show statistical significance. Cholecystectomies and appendectomies performed before 2002 could not be identified in this study. Because these surgical procedures do not need long-term followup, it was impossible to obtain patients' histories of these procedures through claims data. For this reason, some cases of surgery may have been present in the non-surgery cohort, rendering the results null. We could not consider other important possible confounding factors, such as colonic polyps or family history. We found that there was little change in the HRs when adjusting for history of DM, history of IBD, and lifestyle factors in the sensitivity analysis. In addition, information about colonoscopy could not be comprehensively collected because our data did not include data on colonoscopies performed for the purposes of screening or without any symptoms. Lastly, the follow-up time after surgery in our study might not have been sufficient for the development of CRC, which needs at least 5 to 10 years for carcinogenic changes [1] .
In conclusion, the risk of CRC was not associated with cholecystectomy. However, the risk of CRC was elevated in the first year after cholecystectomy, likely due to gallbladder disease. The risk of CRC after appendectomy was significantly increased when no lag period was applied, but no association was found when applying 3 years of lag. The reason for this may be that appendicitis, which is the reason for appendectomy, could also be an early manifestation of CRC, whereas appendectomy is less likely to be a cause of CRC. To be protected from bias in analyses focusing on exposures such as surgery and CRC risk, including lag periods after surgery is necessary.
